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4Claims,(CL23—165) 
This invention relates t0 ph0Sph0rOUS COm? 

poUnds,particularly ph0Sphoric aCid,and t0 a 
methodand meansformanufacturingthesame, 
Processesdevelopedinrecentyearsmakeavail 

ablein arge guantities elementalyelow phos 
ph0rOUS Obtained from mined phOSphate rock? 
The phoSph0rOUS may be Safely Shippedin large 
QUantities in tank Cars COntaining Water pr0 
tectiveycoveringthesame?The primaryobject 
ofthe presentinventionisto provideamethod 
and meansfor manufacturing phosphoric acid 
Orphosphates directyfromyellow phosphorous 
in an exceedingly rapidand eConomical manner? 
In accordancewith my processthephosphorous 
is moltenandfedinaliguid stateto afurnace 
in whichitis burned to,form the desired oxide 
oracid anhydride?The oxideisthenfedina 
vaporousstatedirectyinto anabsorbingliquid, 
SUCh as Water Or phosphoricacid if phosph0ric 
acidisto be made,oralkaliSolutionsifalkaline 
phOSphate SolUtions are to be made? · · 
Theanhydridegasis readiytaken Upinthis 

manner?Howeyer,some of theacidinVaporous 
ormistformmaybecarriedalongwiththewaste 
gases dischargedfromthe absorber?This con 
ditionisaggravatedbythefact thatthe hydra 
tion of the anhydride is exothermic and tends 
toincreasethe temperature ofthewastegases 
1eavingtheabsorber,Accordingy,afurtherob 
ject of the present inventionistoregain any 
acid Containedin the wastegases,andthereby 
increasethe over-aleficiencyof the apparatus? 
With this objectinviewthe wastegases dis 
chargedfrom the absorberarecooled and pref 
eraby alsoobstructed as by passingthesame 
throughacooled multiplebafe Systemin order 
tocondenSeresidualacid containedinthe waste 
gases,The multiple bafe preferablytakes the 
form of a cokefiterthrough whichthewaste 
gases may be paSSed Upwardly?The fiter may 
be water cooled or moresimply provided with 
alead roof forair cooling?Acid Condensed in 
the cokefiterflows downwardyinintimatecon 
tact with therisinggases,andfinallyiscollected 
at the bottom of the flter? ? 
Theanhydrideispreferablyabsorbedin phos 

phoric acid,and this is withdrawn from the 
absorberwhen of desiredstrength,the deficiency 
beingmadeup bytheadditionofmakeupwater, 
The products of combustion from the furnace 
areatatemperaturewhichisconsiderably higher 
thanthe optimumtemperatureforrapidabsorp 
tion,Further objects ofthe presentinvention 
areto providethedesired makeup waterforthe 
Operation Of the abSOrber,and at the Same time 

to Cool the combustion gas suppied thereto. 
This is best accomplished byfeeding the an 
hydride gas together with a Spray of makeup 
water to the absorber,The water spray cools 
the Combustiongases and preiminariyabsorbs 
Some of the anhydride?Theremainderof the 
anhydride is absorbed as the gas is bubbled 
thrOUgh the body of,phosphoric acid in the 
absorber? M , 

Itis Convenient to beableto obtain.condensed 
acid in the Coke fiter which is of the same 
Strengthas the main body of acid being made 
intheabsorber,The efciency ofthecokeflter, 
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as welas thestrength ofacid obtainedthere? 
from dependnotnotonlyuponthecoolingofthe 
flter,butalsoUponthetemperature ofthewaste? 
gases Supplied thereto,In accordancewitha 
furtherobjectandfeature of myinventionthese 
wastegasesarecooled duringtheir passagefrom 
the absorberto the flter,preferaby byforcing 
theSamethroughasmaladditionalwaterspray 
therate Of fiow of Which may be appropriately 
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?djus?dtg?eguatethestrengthofacidobtained 
from the flter, ^??·· ?· 
Totheaccompishment of the foregoingand 

Süch other objects as will hereinafter appear, 
25 

myinventionconsistsinthemethodandappara? 
tus elements andtheirrelation onetothe other 

*as hereinafterare more particularydescribed 
inthespecifcationandsoughttobe defnedin 30 
the claims,The specification is aCCOmpanied 
by drawingin which:? - w 
Fig,1 is a plan View of apparatus con 

Structed in accordance with the present in 
Vention and, - , 
Fig.2 isa partialy Sectioned sideelevation 

ofthesame? , Referringtothedrawing,theapparatuscom 
prises generaly a phosphoroustank A,aphos 
phoroUs furnace B,anabsorber C,a coke flter 
D,and acidtanks E fo receivingthe product 
acid? · x 

Consideringtheapparatusingreater detail,the 
phosphoroustankAispreferablyburied,asshown, 
and is fled with a body of phosphorous?12 
which is protectivelycovered byabodyof water 
14,Thetankinciudesa heating coi116sub 
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mergedinthebodyofphosphorous12?Aheating 

tocoil16?Inthe preSent casesteamisusedand issupphedtothecolfromaboler18through? 
appe20,whilethe dischargeend ofcoi16is 
providedwithanappropriatesteamtrap22,In 
asmuchasthephosphorous meltsatarelativey 
1owtemperature,approximatey112°Fahrenheit, 

Knedium,SUchas hot Water orsteam,issupplied? 
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2 
keepingthesamemoltenandsafelycoveredwith 
the body of water14 presents no dificulty? 
The molten phosphorous is pumped from the 

tankA by a pump 24,and fed to the furnace B? 
The phosphorouspiping is preferablymade as, 
Short and as directas possible,andis jacketed? 
as shownat 26 to prevent Solidification of the 
phosphorousandstoppage ofthefeedline? 
AirisSuppliedtothefurnace byanappropriate 

blower28?Therate ofairsupplyismadeamply 
suficient toinsurethorough combustion of the 
phosphorOUS. - 

The face B preferaby comprses asteel 
shelwhichis fittedwithafireresistant lining. 
More specificaly,the shell may be1ined:with 
asbestospaper,insulatingbrick,and then fire 
brick,the whole forming a,compositeliningin? 
dicated generaly at 30?The furnace is also 
providedwithbafiewals32which1engthenthe 
path and time of the Combustiongasesin the 
furnaceandinsureintimatemixture ofthesame, thereby permittingeficient and complete com 
bustionofthe phosphorous? … 
The burning of the phosphorous may be ac 

complishedin any desired manner?Tn the pres 
ent case the phosphorousissimply discharged 
fromapipe34ontothefoorofthefurnacenear 
theinlet end of the same,where itisinstan? 
taneouslyignited and burned by the Stream of 
‘air being blownintothefurnacethrough duct 
36,The burning mechanismis not shown in 
detail,but maytakeanyofthe forms described 
in mycopending apphcation,Ser,No,524794, 
fledonevendate herewith,or,if desired,may 
take the.form of a,preferablyjacketed spray 
burnerorgunsuchasis disclosedin mycopend 
ingapplication,Ser,No.321,115,filed November 
22,1928,Theparticularwayinwhichthephos 
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phorousisignitedis of nodirectimportanceas 
regardsthe present invention which dealswith 
thecomplete processfor theproductionofphos 
phoricacid, ,? =?? 
TheabsorberCtakestheform ofapreferably 

horizontaly disposed drum which is approxi 
matey halffledwithabody40 of phosphoric 
acid?Thedrumcomprisesasteelshel11inedwith 
acidresistant material,Specificaly,thelining 
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may comprise alayer ofasbestosfolowed bya 
1ayer of 1eadandfinalyasurfaceofacid-proof? 
brick?The furnace_Band absorber C maybe closelyjuxtaposed,thereby shortening and sim 
plifyingthe pipingbetweenthesame,whichin 
cludes mereyan outlet42fromfurnace B,and 
inlet44to absorberC,andafanged connection 
46therebetween?This piping mayalso beap-, 
propriateylined toresist temperatureandacid, 
Theinlet44 of the absorber preferablyincludes 
adownwardyextendingtube48thelowerendof 
whichisimmersedinthebody ofabsorbingliguid 
40,Thistubeispreferablymade of carbonsoas 
tobeacidresistant,andits immersionin phos 
phoric acid insures discharge of the combustion 
gaSes through the acid? · 
Productacidof desiredconcentrationiswith 

drawn from the bottom of absorber C through 
apipe50andledtoatank52,Thetankmaybe 
inedwithleadandacid-proof brick,andispref 
erabyburied,therebypermittingofsimplegrav 

,ityfowoftheproductacid,The Dipingis pref? 

,movedfromabsorberCinbatchesundermanual 
erably madeof duriron?Theacid may bere 

control,orasteadyleakageortrickle maybepre 
ferred,In either casethe fowmayberegu 
1ated by valve 54,The level of the liquid in 
absorber C is maintained byfeeding makeup 

thesamevalue, 

the foregoing descriptionthereof? 
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liquid,preferablywater,intotheabsorber,Inthe 
present casethiswaterisSuppliedthroughapipe 
56 Which terminates in a Small Spray head 58 
located Within the Carbontube48. Therate of 
fow ofmakeupwatermayberegulatedbyavalve 
60,Theresultingspray ofwaterwhenapplied 
in thismanner SerVesa dualfUnctionin thatit 
coolsthe combustiongasesenteringtheabsorber, 
and preliminariyabSorbs anhydride from the 
same,as well?as makes up for the product acid 
withdrawnfrom the absorber. 

*The Waste,gases from abSOrber C are fed 
through outlet62,interConnecting pipe 66,and 
inlet68tothe bottomofthecokeflter D,The 
gasesthenriseupwardythroughthe coke which 
actsinefect merelyas a complicatedmultiple 
bafiewhich physicaly obstructsthe flow of the 
gasandmoreparticularly0fliquid Ormist carried? 
thereby?Theroof ofthefilterisbeingcontinual 
yair cooled,andthisaidscondensation ofany 

Such con-1 acid containedinthe wastegases, 
densedacidflowsdownwardlythroughthe flter 
andiscolectedatthe bottomofthesameand runthroughadischargepipe70toacidtank72, 
Duringitsdescentintheflterthe condensedacid 2 ? hepsregainadditionalacidfromthewastegases ? 
risingthroughthe fiter?The cleanwaste gases? 
arefinaly discharged through outlet74? 
Thehydration oftheanhydrideinabsorberC 

isexothermic,andtheresultingevolutionof heat 
causesanunexpectedy high acidcontentinthe 
wastegases dischargedfromtheabsorber?De 
spitethisfact,the present apparatus,including 
coolingandbafingcondensermeanssuchasthe 
cokeflterDheretoforedescribed,mayreadybe 
OperatedWithan acidyieldof8Shighas 99?%, 
In other words,there is no appreciable loss of 
phosphoric acid intheabsorptionsystem com 
prisingabsorberCand cokefilter Doperatingin? 
combination? ?””?* - 

Ifdesired,an additional water Spray suppied 
withwaterthroughapipe80andvalve82maybe 
providedinoutlet 62 of the absorber C,This 
spray cools thewastegasesgoingto thecoke 
flter,and makesit possible toregulate the 4? 
strength oftheacidcolectedtherein?Inthis 
waythe strengthsofthe phosphoricacid col 
?ctedintanks52and72maybeadjustedto 
Theprocessisexceedinglyeficientincommer 

cialpractice and requires onyrelativelycom 
pact apparatus?forpracticing thesame?The 
powerconsumptionforoperatingthephosphorous 
pumpandair bloweris relativelysmal?Five 
hundred to six hundred pounds of phosphorous” 
maybe burned perhourina plantof moderate 
size?producing a high andeficientyield of55° 
(Baumé)acid? 
While ?ocess hasbeen describedinsome? 

detailin connection with?the direct production 
of phosphoric acid,itwill be understood that 
the process may equallywel be applied tothe 
prOduction Of phOSph0rousSalts,For example, 
anabsorbermaybeusedin whichalkalisolutions 
are carried,thereby formingalkaline phosphate 
Solutionswiththeacidanhydride.If desired,the 
Salts,may Subsequently be prepared from the 
Salt Solution? ? ·? 
Itis believed thatthe process ofthe present 

invention,the apparatusforandmodeofprac 
ticingthesame,aswelasthemanyadvantages 
thereof,will,forthemost part,beapparentfrom 

phorousissimpymoltenandfed directyto a 
furnacewhereitisburned atarapidrateto 

The phos?? 

30 

40 

50 

60 

75 



25 

1,990,233 
formtheacidanhydride,Thecombustion gaSeS 
are Supplied to an abSOrber for making the de? 
Sired product,andthe WastegaSes from the ab? 
Sorber may beadditionally passed through baf 
fingandCondensingapparatusin Order t0thor? 
oughlyrecapturefromtheSamethe desiredprod? 
Uct?Theeficiency of the Systemasa,Whole may 
beincreased by SUpplying makeup water in the 
form of a C00jing Spray in the paSSage of the 
combustiongasestothe absorber,whileanaddi 
tionalspray may,if desired,be employed at the 
Outlet from the abSOrber? 

It Will be apparent that While I haVe shown 
anddeScribed myinventioninthe preferredform, 
manyChangeSand modifications may be madein 
the methodand Structure disclosed,Without de? 
?arting from the Spirit of theinVention,defined” 
in the following claims? 
?Claim: - W 

1?Amethod of producingphosphoricacidsolu? 
tion Which Comprises forming phosph0ric anhy 
drideinthe Vapor State,mixingSaidVapors with 
a Spray of Water,CaUSing the mixture to paSS 
through a b0dy of an aque0USSOlution of ph0S 
phoricacidt0cauSeabSOrptionthereof,andfinal 
ly C0olingthegaSeS? - 

3 
2,Amethodof producingphosphoric acidsolu 

tion which comprises forming phosphoricanhy 
drideinthe vaporstate,mixingSaid VaporsWith 
a spray of water,causing the mixtureto paSS 
througha body of anaqueous Solution of phos 
Dhoricacidtocauseabsorptionthereof,andfinal 
lycoolingthegasesbypassingtheSamethrough 
a,C00ied bafie meanS? ,, “ 
3,Amethodof producingphosphOricacidSolu? 

tion Which Comprises forming phosphoric anhy 
dridein the vapor State,mixingSaid Vapors with 
a Spray of water,causing the mixture t0 paSS 
through a,body of an aqueOus Solution Of ph0S 
phoric acid to Cause abSOrption thereof,finally 
coolingthegases by passingthe Samethrougha 
cooled bafe meansand Collectingthe CondenSed 
acidfrom Said meanS? 
4?Ameth0d0fproducingphOSphOriCaCid Solu 

tion which Comprises forming phosphoric anhy? 
drideinthevaporstate,mixingSaidvaporswith 
a spray of water,Causing the mixture to paSS 
througha,b0dy of an aqueous Solution Of phoS? 
phoric acidto causeabsorptionthereof,mixing 
the gaSes With a,Water Spray,and finaly Cool 
ingthegaSeS? · 
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